ABSTRACT. Geographical variation was examined morphologically in the common tree shrew (Tupaia glis) in some Indochinese and Malayan regions. Osteometrical examination and principal component analysis elucidated the morphological differences among various populations. The populations from southern and western Thailand were distinguished morphologically from the other populations. Variation in males from south Thailand and Kuala Lumpur suggests that the Isthmus of Kra may have an influence on the variation of skull morphology. However, the Isthmus of Kra was not completely considered as a factor of geographical separation in this species, because we could not confirm the separation in skull size and shape between the localities at least in females. While, the Kanchanaburi population in western Thailand was significantly smaller than the other population in skull size, and constituted the morphologically separable group in our study.-KEY WORDS: common tree shrew, geographical variation, osteometry, principal component analysis.
them into 8 locality groups according to their geographical position within Thailand (Table 1 , Fig. 1 ). In addition to the 8 Thailand locality groups, we added 7 sampling sites from the other countries, and assigned a letter to each locality (Table 1 , Fig. 1 ). We recorded 17 characters with a vernier caliper to the nearest 0.01 mm, including 12 measurements of the skull and 5 of the mandible. Nomenclature of characters as based fundamentally on the textbook of osteometry [5] and abbreviations are shown in Table 2 .
Mean values of 8 character at each site were compared by Student's t-test to examine sexual dimorphism of this species. We also compared the mean values of 8 characters from 4 Thailand localities to clarify geographical size differences. Furthermore, 17 characters were used for the principal component analysis to elucidate size and shape variation among the populations. We used 5 kinds of letter in the principal component charts (Table 1) .
RESULTS
Mean values and standard errors are shown in Table 3 . The 17 characters are arranged according to geographical groups in each sex. Statistical differences between sexes in some characters are seen in Table 4 , and we indicate the significant differences in 8 characters among 4 representative localities (Table 5) .
The measurement data show the size distinctiveness of locality-6 group, the Kanchanaburi population. A comparison among 4 localities demonstrated the statistical The common tree shrew (Tupaia glis) is distribtuted in the Indochinese region, the Malayan peninsula, and on Sumatra, Java and Borneo [2, 6, 9] . Geographical variation has been recognized in external morphological characters [2, 7, 9] , and some authors have considered the common tree shrew populations as two separate species, Tupaia glis and Tupaia belangeri [1, 3, 4, 8, 10] . It has been suggested that the taxonomical separation in this species as well as in the other mammals may be due geographically to the Isthmus of Kra in the Indomalayan region [1, 4] . However, morphological data from skull measurements have not been published nor compared among various localities. We examined the geographical variation in skull morphology observed in this species in the Indochinese region including the Isthmus of Kra, and the Malayan peninsula, and the Island of Borneo.
MATERIALS AND METHODS
We examined totally 160 skulls of the common tree shrew. These specimens are stored in the Museum National d'Histoire Naturelle (MNHN) (Paris, France), Thailand Institute of Scientific and Technological Research (TISTR) (Bangkok, Thailand), the Department of Veterinary Anatomy, The University of Tokyo (Tokyo, Japan), and the Department of Zoology, National Science Museum, Tokyo.
All specimens used in this study had completely erupted molars, and were considered as adult specimens. Localities were grouped at prefecture or large town level. Because the total number of localities was more than 30, we assembled locality-1 group, north Thailand populations, was smaller in PL in comparison with group 4 and 8 in both sexes (Tables  1 and 5 ). However, in other characters, this population is not much different from the others.
The principal components analyses based on all measurement data are plotted for males and females, respectively (Figs. 2 and 3 ). In females, the points from the southern Thailand and Kuala Lumpur (S) are buried in the northern Thailand populations (N), whereas, in males, separation from the other groups in both principal components is obviously seen. The items, which largely contribute to the second principal component in males, are (Table 1) .
differences of this population (Table 5) . Results from SL and LBS suggest that the distinguishable morphological characters may be due to variation in both splanchnocranium and neurocranium in the skulls from Kachanaburi. The The measurements were based on Driesch [5] . The mean values are shown in the upper rows, and the standard errors in the lower rows. Localities L, H, and B include only one specimen. (Table 1) . PC1, the first principal component. PC2, the second principal component. (Table 1) . PC1, the first principal component. PC2, the second principal component. 
HM, LBS and GPB in higher ranking.
DISCUSSION
In the locality-7 population, the Chantaburi females are large in skull size (Table 3) . At least for females, one of the largest Tupaia glis populations in skull size is found in southeast Thailand. We hope to examine specimens from Cambodian territory to compare with southeast Thailand populations.
Sexual dimorphism can be recognized statistically in most characters from localities-4 and 6 (Table 4) . At the other sites, however, the dimorphism was not confirmed so obviously. We have a larger sample size from localities-4 and 6 than from the other localities, which should be noted. The common tree shrew may be sexually dimorphic in many areas. At least in PL and CL, the most important size character, we can conclude that males are larger than females in this species.
In the principal component analysis, localities-6, 7 and 8 are noticeable. The Kanchanaburi points fall in the most negative area of the first principal component. The plot as well as Tables 3 and 5 indicates that the Kanchanaburi population is smaller in size. In females, the separation is more obvious than in males, because the points are in the positive area in the second principal component.
The distributed points of the locality-8 group are noteworthy. Previous workers, suggesting the species separation of Tupaia belangeri from the other populations of the common tree shrew, have paid special attention to the zoogeographical influence of the Isthmus of Kra [4, 8, 10] . Our multivariate analysis shows the obviously different results between sexes (Figs. 2 and 3) . The male plot suggests the geographical influences of the Isthmus of Kra. However, in the female plot, the skull characters cannot be distinguished from those of the other northern populations.
While, Ellerman and Morrison-Scott [6] and Boonsong and McNeely [2] considered the common tree shrew as one inseparable species. In our osteometrical results, the Isthmus of Kra cannot be completely evaluated as a factor of zoogeographical separation in this animal, because we did not confirm the separation in skull size and shape between localities at least in females. We conclude that the species split of the common tree shrew between northern and southern Thailand populations may not be reliable from the present data.
